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Purpose: The purpose of this study was to evaluate and update the results of carotid 
endarterectomy (CEA) in two community hospitals over a 17-year period and to 
determine whether there had been any reduction in the unacceptably high incidence of 
complications previously reported from these same two hospitals. 
Methods: We retrospectively reviewed the records of 1981 patients who underwent 2243 
CEAs from July 1976 to November 1993. 
Results: There were 36 operative deaths (1.6%) and 120 operative strokes (5.3%), for a 
combined stroke-mortality rate of 6.3%. The mortality, stroke, and combined stroke- 
mortality rates all decreased significantly (p < 10 -s) compared with the rates reported in 
the original study (6.6%, 14.5%, and 21.1%, respectively). Nonfatal stroke rates decreased 
significantly for patients diagnosed with asymptomatic carotid artery disease, 18.2% to 
2.9% (p = 0.04); transient ischemic attacks, 17.8% to 3.9% (p < 10-6); and prior stroke, 
15.2% to 8.0% (p = 0.04). Improvement in combined stroke-mortality rates occurred for 
all operative indications, but was significant only in the transient ischemic (d0 < 10 -s) and 
prior stroke groups (p = 0.00002). Surgical experience varied, with 31 surgeons 
performing one to 236 CEAs. Although results were not significantly correlated with 
individual operative activity, 10 surgeons who performed more than 12 CEAs per year had 
a statisticallv ower incidence of operative stroke (4.1%) compared with 21 surgeons who 
performed fewer procedures (7.2%) (p = 0.009). The incidence of stroke (2.7%) and the 
combined stroke-mortality rate (3.7%) of surgeons with additional vascular training was 
superior to the stroke rate (6.8%) and combined stroke-mortality rate (7.9%) of surgeons 
who did not (p = 0.0014 andp = 0.0006); but several surgeons in the latter group had 
results that were comparable to those of the vascular group. 
Conclusions: Although overall operative complication rates in these two community 
hospitals have declined ramatically compared with previously reported results, they are 
still not optimal and probably will remain high as long as individual surgeons with high 
complication rates continue to perform CEAs. (J VASC SURG 1995;21:719-28.) 
In 1977, Easton and Sherman 1 published astudy 
disclosing an alarmingly high incidence of  complica- 
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tions after carotid endarterectomies (CEAs) per- 
formed at two large community hospitals in Spring- 
field, Illinois. The operative mortality rate was 6.6%, 
and the operative stroke rate was 14.5%, for a 
combined stroke-mortality rate of  21.1%. The im- 
plication of  this report was not that Springfield was 
unique, but rather that the results were likely to be 
representative of  those in many community hospitals 
throughout the United States. 
Because the previous tudy attracted a great deal 
of attention and had been widely quoted, we 
provided an interim update in 19832 of  the original 
study, published in abstract form. Based on the 
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results of this preliminary review, we concluded that, 
although stroke and mortality rates were still some- 
what high, significant improvement was possible, 
that it had occurred over a relatively short period of 
time, and that it was probably due to increasing 
experience in selecting patients, improved operative 
skills, and better preoperative and postoperative 
management. Our purpose in the current retrospec- 
tive follow-up study was to reassess and update the 
CEA experience in Springfield since the original 
report of Easton and Sherman 1 (including the 
interim update by Modi et al. 2) to determine whether 
there had been improvement over the past 17 years 
and, if so, to identify the specific factors responsible. 
MATERIAL AND METHODS 
Patient population. The hospital charts of all 
patients who had undergone CEAs between luly 1, 
1976 and November 30, 1993 in two 600-bed 
community hospitals were reviewed, and the data 
retrieved were entered into a computer egistry. 
Easton and Sherman 1 reported the results of CEAs 
performed at these same two institutions betwcen 
lanuary 1, 1970 and June 30, 1976; thus our study 
began the following day and encompassed a period 
nearly three times as long as their original study. 
Indications for surgery. Patients were classified 
into five groups according to their indications for 
surgery: asymptomatic carotid artery stenoses, tran- 
sient ischemic attaCks (TIA), completed stroke, 
nonhcmispheric symptoms, and urgent symptoms 
(e.g., stroke in evolution). TIA was defined as an 
episode compatible with cerebral hemispheric or 
retinal ischemia (amaurosis filgax) lasting less than 24 
hours and occurring in the distribution of the carotid 
artery that was subsequently subjected to endarter- 
ectomy. Patients with completed stroke had a history 
of neurologic deficit persisting for more than 24 
hours. Patients with ill-defined neurologic symptoms 
or symptoms referable to the vertebrobasilar ci cula- 
tion were classified in the nonhemispheric group. 
Postoperative data. Information was obtained 
from hospital charts, clinic and office records, vascu- 
lar laboratory files, referring physicians, telephone 
interviews with the patients, and autopsy or mortality 
records from county offices. Neither the face sheet of 
the hospital record nor the International Classifica- 
tion of Diseases, Clinical Modification diagnosis 
codes were relied on to determine preoperative and 
postoperative diagnoses, because previous surveys 
have shown an underreporfing of complications 
when only these sources are used. 3,4 
Surgeon characteristics. Thirty-one surgeons 
comprised the study group. This included seven sur- 
geons who were involved in the previous tudy 1and 
24 "new" surgeons who were responsible for per- 
forming a majority of the procedures during the en- 
suing 17-year period. All were board-certified in their 
surgical specialty. There were five vascular surgeons, 
three neurosurgeons, 11 cardiothoracic surgeons, 
and 12 general surgeons. Excluding the five surgeons 
in the vascular surgeon group, all of whom had Cer- 
tificates of Special or Added Qualification i Vascular 
Surgery and whose practices were devoted almost 
exclusively to vascular surgery, none of the other sur- 
geons were board-certified in vascular surgery. 
Statistical analysis. Study end points were post- 
operative stroke and death. All deaths occurring 
within 30 days after surgery were designated opera- 
five deaths. Stroke was defined as any new neurologic 
deficit hat persisted for more than 24 hours. Because 
follow-up data were limited and many patient records 
did not clearly distinguish between minor and major 
strokes, no attempt was made to differentiate be- 
tween these two categories. Operative mortality and 
stroke rates were analyzed separately and then 
together as a combined stroke-mortality rate to avoid 
counting patients twice, that is, in both the stroke and 
death group. Statistical nalysis was performed on an 
SAS system (SAS Institute, Inc., Cary, N.C.). 
Comparative data between and within patient and 
surgeon groups were assessed with chi-squared 
analysis or Fisher's exact est. Correlation coefficients 
were used to determine the relationship of surgical 
volume and postoperative complication rate. Because 
we were concerned primarily with the outcome after 
CEA alone, all data were analyzed specifically to 
unilateral isolated CEAs and did not include results 
where CEA was combined with coronary artery 
bypass grafting. Statistical significance was assumed 
for a two-tailedp value of less than 0.05. 
RESULTS 
Community experience. Over the 17-year pe- 
riod, 2079 patients underwent 2346 CEAs. During 
this same time interval 98 patients underwent simul- 
taneous CEA and coronary artery bypass grafting 
(103 CEAs) and were excluded from further analysis. 
Thus 1981 patients undergoing 2243 isolated end- 
arterectomies form the population sample for this 
review. The average age of the patients at the time of 
operation was 68 _+ 9 years. Thirty-seven percent of 
the operations were performed on women. 
Procedure mortality and morbidity rates accord- 
ing to operative indications are shown in Table I. 
Overall, there were 36 deaths (1.6%) and 120 strokes 
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Fig. 1. Correlation of combined stroke-mortality rates (for all surgical indications) and 
number of CEAs performed by each of the 31 surgeons over 11-year period from 1982 to 1993. 
Asterisk indicates results of 10 nonvascular surgeons who performed one to 10 CEAs without 
stroke or death. 
Table I. Overall neurologic events and deaths after 2243 carotid endarterectomies 
Deaths 
Operative No. of Nonfatal strokes 
indication operations Cardiac (%) Stroke (%) Other (%) (%) 
Combined stroke- 
mortality (%) 
Asymptomatic 595 9 (1.5) 2 (0.3) 0 (0.0) 17 (2.9) 
TIA 1043 3 (0.3) 2 (0.2) 3 (0.3) 41 (3.9) 
Nonhemispheric 173 2 (1.2) 2 (1.2) 0 (0.0) 8 (4.6) 
Post-CVA 423 2 (0.5) 9 (2.1) 2 (0.5) 34 (8.0) 
Urgent 9 O (0.0~ Q (0.0) 0 (0.0) 5 (55.5) 
Total 2243 16 (0.7) 15 (0.7) 5 (0.2) 105 (4.7) 
28 (4.7%) 
49 (4.7%) 
12 (6.9%) 
47 (11.1%) 
5 (55.5%) 
141 (6.3%3 
CVA, Cerebrovascular accident. 
(5.3%). Fifteen deaths were stroke related (0.7%), 16 
were heart related in origin (0.7%), and the remain- 
ing five were due to other causes (0.2%). Thus there 
were 105 nonfatal strokes, for a combined operative 
stroke-mortality rate of 6.3% (141/2243). 
Twenty-seven percent of the CEAs were per- 
formed for asymptomatic carotid artery disease, 47% 
for TIAs or amaurosis fugax, 8% for nonhemispheric 
symptoms, and 19% for previous troke. The com- 
bined stroke-mortality rates of the asymptomatic 
group and the TIA group were identical (4.7%) and 
were lower than the combined stroke-mortality rates 
of patients with nonhemispheric symptoms (6.9%) 
or previous troke (11.1%). As expected, patients in 
the urgent category had a higher stroke rate (55.5%). 
Operative mortality rates for patients with asymp- 
tomatic disease (1.8%) did not differ significantly 
(to = 0.72) from those of patients undergoing CEA 
for all categories of symptomatic disease (1.5%). 
However, the incidence of operative stroke (both 
fatal and nonfatal) was significantly ower (p = 0.02) 
in symptom-free patients (3.2%) than it was in 
patients with symptomatic lesions (6.1%). Similarly, 
the combined stroke-mortality rate was better in 
patients undergoing CEA for asymptomatic lesions; 
but the difference did not reach statistical significance 
(4.7% vs 6.9%,p = 0.08). 
Operative experience. Results were analyzed 
over the most recent 11-year time interval (1982 to 
1993) with respect o each surgeon's overall and 
average annual operative experience. Not every 
surgeon was present and performing CEAs during 
each of the 11 years of analysis. The number of 
operations urgeons performed over the 11 years 
varied from one to 236. Individual stroke and 
mortality rates were equally as variable, both ranging 
from 0% to 14.3%. As shown in Fig. 1, there was no 
correlation (r = 0.05, p = 0.80) between the num- 
ber of CEAs performed by each individual surgeon 
and the combined stroke-mortality rates, which 
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Table II. Operative complications versus annual surgical experience (1982 to 1993) 
Deaths* Stroke]- Combined stroke/mortality$ 
Group No. CEA/yr. No. surgeons No. CEA No. % No. % No. % 
I < 12 21 553 6 1.1 40 7.2 42 7.6 
II > 12 10 1142 21 1.8 47 4.1 62 5.4 
*p = 0.30. 
t;0 = 0.009. 
,;0 - 0.10. 
Table III. Comparison of stroke and combined stroke-mortality rates for community and vascular 
surgeons according to operative indications 
Indications 
Asymptomatic TIA Nonhemispheric Stroke Overall 
Complication % No. % No. % No. % No. % No. 
Stroke rate 
Vascular surgeons 1.4 3/214 1.1 3/283 10.4 5/48 5.4 7/129 2.7 18/674 
Other surgeons 4.6 14/303 6.4 30/469 3.2 2/62 i2.3 23/187 6.8 69/1021 
p Value 0.05 0.0007 0.23 0.05 0.0014 
Stroke-mortality rate 
Vascular surgeons 2.3 5/214 2.1 6/283 10.4 5/48 7.0 9/129 3.7 25/674 
Other surgeons 6.9 21/303 7.0 33/469 4.8 3/62 12.8 24/187 7.9 81/I021 
p Value 0.02 0.003 0.29 0.13 0.0006 
varied from 0% to 18.6% (for one surgeon who 
performed seven CEAs). 
Surgeons were separated into two groups accord- 
ing to whether or not they performed an average of 
one CEA per month during the time they were 
practicing in the community (Table II). Only 10 
(32%) of the 31 surgeons performed more than 12 
CEAs annually. Although the operative mortality 
rates of the two groups were similar, the operative 
stroke rate of surgeons who performed more than 12 
CEAs per year was significantly lower (p = 0.009) 
than that of surgeons who performed less than 12 
CEAs per year. Overall, combined stroke-mortality 
rates were also better for the more active surgeons, 
but the difference did not reach statistical significance 
~0 = 0.10). 
Surgical specialty. Operative mortality rates did 
not differ significantly among the four surgical 
groups. Cumulative stroke rates and combined 
stroke-mortality rates for the neurosurgeons, cardio- 
thoracic surgeons, and general surgeons were similar 
and, in the aggregate, were substantially higher than 
those of the vascular surgeons (Table HI); however, 
several surgeons in each of these groups had results 
that were better or equally as good as those of the 
vascular surgeons. When the data were separated 
according to operative indications, troke rates for all 
indications (except nonhemispheric symptoms) and 
combined stroke-mortality rates for all indications 
(except nonhemispheric symptoms and prior stroke) 
were significantly better in the vascular surgical group 
than they were in the other groups combined (Table 
Ill). 
Current study versus original study. As shown 
in Fig. 2, the number of CEAs performed annually 
increased steadily from 1970 to 1993. The distribu- 
tion of operative indications in this study differed 
significantly from that in the original report by 
Easton and Sherman: (Table IV). The percentage of
operations performed for asymptomatic carotid ar- 
terial disease increased nearly six times, whereas the 
proportion of operations for transient ischemic 
events increased by almost 50%. In contrast, the 
percentage of CEAs performed for nonhcmispheric 
symptoms and previous trokes declined. 
Complication rates improved rapidly from 1970 
to 1977 but remained relatively stable since that time 
(Fig. 3). As shown in Table V, overall operative 
mortality, nonfatal stroke, and combined stroke- 
mortality rates decreased markedly compared with 
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Table IV. Comparison of  distribution of operative indications between the two consecutive studies 
Original studff Current study 
Indication No. % No. % p Value 
Asymptomatic I 1 4.8 595 26.5 < 10-8 
TIA 73 32.0 1043 46.5 0.00004 
Nonhemispheric 45 19.7 173 7.7 < 10 -8 
Post-CVA 99 43.4 423 I8.9 < 10 -8 
Urgent ._~ - 9 0.4 t 
Total 228 i00.0 2243 100.0 
~Figures derived from Easton and Sherman) 
1-Urgent category excluded. 
CVA, Cerebrovascular accident. 
the rates reported in the original study (p < 10-s). 
For each operative indication except asymptomatic 
disease, mortality rates declined, with the difference 
being statistically significant for the TIA group 
(p = 0.006) and stroke group (p = 0.001). The 
incidence of nonfatal stroke decreased significantly in
patients undergoing operation for asymptomatic 
lesions (p = 0.04), TIAs (p < 10-6), and stroke 
(20 = 0.04)but  improved only slightly in the non- 
hemispheric group (p = 0.70). Combined stroke- 
mortality rates decreased for all operative indications 
(Table V). The stroke-mortality rate fell to one fifth 
of the original rate in the TIA group and to one half 
of the original rate in the stroke group, with both 
changes being highly significant. 
The average ages of patients in the original and 
present studies were similar (65 years and 68 years, 
respectively). Shunts were used slightly more fre- 
quently during endarterectomy in the current series 
(75%) than they were in the original series (70%). 
DISCUSSION 
This review of consecutive CEAs performed in 
the same two community hospitals from which the 
original Easton and Sherman study ~ emanated docu- 
ments a statistically significant decline in postopera- 
tive mortality and stroke morbidity rates. Over the I7 
years after completion of their study, the mortality 
rate has fallen to one fourth, the frequency of nonfatal 
stroke to one third, and the combined stroke- 
mortality rate to less than one third of the rates that 
were previously reported for these complications. 
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Fig. 3. Yearly complication rates. Operative mortality rates are shown in black, whereas 
nonfatal strokes are represented inwhite. 
Table V. Mortality and neurologic omplication rates according to operative indication comparison 
of the two consecutive series 
Previous study (1970-1976) * Current study (2976-1993) 
All nonfatal All nonfatal 
_Mortality neurologic events Total Mortality neurologic events Total 
Indication (%) (%) (%) (%) (%) (%) p7 ~ 
Asymptomatic 0.0 18.2 18.2 1.8 2.9 4.7 0.10 
TIAs 5.5 17.8 23.3 0.8 3.9 4.7 < 10 -8 
Nonhemispheric 4.4 6.7 11.1 2.3 4.6 6.9 0.53 
Post-CVA 9.1 15.2 24.2 3.1 8.0 11.1 0.00002 
Urgent - - - 0.0 55.5 55.5 - 
Total 6.6 14.5 21.1 1.6 4.7 6.3 < I0 -s 
*Figures derived from Easton and Sherman.1 
?p Values are for Combined stoke-mortality data. 
CVA, Cerebrovascular accident. 
Although the Easton and Sherman study 1continues 
to be widely quoted, the data no longer reflect he 
results of CEA in these two community hospitals and 
are probably not representative of results in similar 
hospitals across the nation. 
Improvement in the complication rate after CEA 
has been observed previously and may be the result of 
several different factors. West et al.s reported a 
dramatic decrease in their postoperative mortality 
(1.8% to 0.0%) and stroke morbidity rates (8.2% to 
0.9%) during two successive time periods. These 
authors attributed the improvement to a change in 
operative technique, which involved the selective use 
of an indwelling carotid artery shunt. Brott et al. 6 and 
Friedmann et al. 7 noted a similar improvement in
operative results from the metropolitan and commu- 
nity hospitals that they surveyed, but neither author 
could identify a particular cause. Explanations that 
they considered were better patient selection, better 
perioperative management, improved blood pressure 
control, and use of antiplatelet agents. Cafferata nd 
Gainey 8concluded that neither surgical training nor 
case load appeared to affect morbidity rates in the 
community hospital setting. They suggested that 
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reduction in operative complications was a direct 
result of open and ongoing peer review of the 
indications and results of CEA and believed that this 
was the optimal method to reduce postoperative 
complications. Similar conclusions were drawn by 
Modi et al. 2 in the interim update of the original 
Springfield study published in 1983. At that time, 
they also speculated that the report of Easton and 
Sherman, 1 by alerting the community to the inordi- 
nately high complication rate, may have had a subtle 
but important effect. 
Several factors may have had a significant impact 
on the differences noted between the current review 
and the original study. 
First, the decreased percentage of CEAs per- 
formed on patients with previous troke and on those 
with nonhemispheric symptoms, who historically 
constitute higher isk groups, and the increased per- 
centage ofendarterectomies p rformed on symptom- 
free patients and patients with TIAs, who represent 
lower risk groups, undoubtedly explain some of the 
improvement observed in the overall complication 
rate. 
Second, although we found no correlation be- 
tween the case loads of individual surgeons and 
surgical outcome, the perioperative stroke rate of 10 
surgeons who did more than 12 CEAs per year was 
significantly better than that of surgeons who per- 
formed the operation less frequently. In the original 
study, no surgeon's experience exceeded 12 CEAs per 
year. Thus a greater number of surgeons performing 
CEAs with greater frequency may have played a role 
in decreasing the overall stroke rate. 
Similar observations have been made in commu- 
nity surveys from Cincinnati 4 and Cleveland. 9 In 
1986 Kempczinski et al.4 reported that the combined 
stroke rate of surgeons who performed more than 50 
CEAs annually was lower than that of surgeons who 
did not (3.5% vs 6.6%), but the difference between 
the two groups was not statistically significant. 
However, when Moore reanalyzed the results of this 
study, separating the data into three subgroups based 
on increasing surgical activity, 5.5 CEA/year, 19.7 
CEA/year, and 76.6 CEA/year, a strong trend toward 
improved results with greater operative activit T 
became apparent (p = 0.07~.1~ In a large community 
survey by Rubin et al., 9 involving more than 8000 
CEAs performed by members of the Cleveland 
Vascular Society, statistically improved stroke rates 
were reported for members who performed a mini- 
mum of 15 CEAs per year compared with those who 
did fewer cases (1.7% vs 3.4%, p < 0.0001). Al- 
though these studies upport he thesis that an active 
surgical practice reduces the risk of perioperative 
stroke, caution must be used when translating the 
results to the community as a whole because several 
personal series, ha2 as well as other community 
surveys 3,7,13"16 have failed to show a relationship 
between operative complications and surgical activ- 
ity. An annual ower threshold for the safe perfor- 
mance of CEA probably cannot be defined, How- 
ever, data from our studv and other community 
surveys 4,9,1s uggest that an average of one CEA per 
month might be a reasonable goal. 
Third, we found that the operative stroke rates of 
board-certified vascular surgeons (all of whom came 
after 1975) were significantly less than the stroke 
rates of the other surgical groups. This finding is not 
unexpected and supports the philosophy and purpose 
of accredited postgraduate vascular surgery fellow- 
ships, which were established to provide training 
specifically designed to increase xpertise in the field 
of general vascular surgery beyond that available in 
other surgical residencies. There was, however, a 
wide variation in the operative complication rates 
among surgeons of other specialties, everal of whom 
achieved operative mortality and stroke morbidity 
rates equal to or superior to the results of the 
fellowship-trained vascular surgeons. It is notewor- 
thy that eight surgeons performing 511 (50%) of the 
1021 (community) CEAs accounted for 52 (75%) of 
the strokes (average stroke rate, 10.2%). Excluding 
their complications from those of the rest of the 
community ields a much improved operative stroke 
rate of 3.3% for the nonvascular surgeons, results 
approaching the best reported in the literature. 
The vascular surgeons have participated in an 
ongoing prospective surgical audit, which includes 
periodic monitoring of their results. On the other 
hand, the results of CEAs performed by surgeons m 
the community have not been subjected to critical 
periodic reviews. Many surgeons simply do not know 
what their complication rates are. This, in part, may 
explain why operative stroke rates and combined 
stroke-mortality rates for the community at large 
continue to exceed the recommendations of the 
recent symptomatic and asymptomatic rials and why 
these rates have failed to improve since the 1983 
update by Modi et al.2 The beneficial effect of surgical 
audits, continuing education, and the peer review 
process on operative outcome has been noted by 
numerous authors.* These mechanisms provide an 
opportunity for continued self-assessment, allow 
objective comparison of operative results against 
~References 4, 8-10, 13, 14, 17, 18. 
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published standards, provide for the dissemination of  
information in an environment that is educational 
and not  punitive, and create a vehicle in which to 
make appropriate recommendations toward upgrad- 
ing poor  surgical results. 
In  summary, although operative stroke, mortal- 
ity, and combined stroke-mortality rates are sig- 
nificantly better than previously reported from these 
same two Springfield hospitals 17 years ago, they 
are still not  optimal and appear to have changed 
tittle since 1982. Stroke rates, however, were within 
recommended limits 19 for the vascular surgical sub- 
group and for individual surgeons in other spe- 
cialties. Further improvement is unlikely unless 
community-wide auditing can be instituted and 
unless privileges for performing CEAs are restricted 
to surgeons (with or without vascular certification) 
whose complication rates are known to be low. As 
Hertzer 2~ summarized so elegantly in his re- 
cent Presidential Address to the Forty-eighth An- 
nuai Meeting of  the Society for Vascular Surgery, 
"Results mean everything!" 
We thank Mary Garfield, BS, MT(ASCP), for her 
assistance in data storage and compilation and the Depart- 
ment of Statistics and Research Consulting of Southern 
Illinois University for their aid in data analysis. 
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DISCUSSION 
Dr. Jeffrey R. Rubin (Youngstown, Ohio). As 
everyone knows, Easton and Sherman ~published a very 
alarming study with regard to the results of CEA from two 
large community hospitals in Springfield, Illinois. This 
extremely controversial study ignited a worldwide expres- 
sion of concern regarding the results of this frequently 
performed operation. The present study consists of a 
follow-up review of the CEA experience in the same two 
hospitals in Springfield. The authors document overall 
operative neurologic morbidity and mortality rates that still 
appear excessive although greatly improved since the 1977 
study. More importantly, the authors have looked closely at 
a variety of factors that may influence these results. When 
the complication rates were individualized according to 
surgical specialties and each individual surgeon within each 
specialty was stratified, it becomes very clear that a large 
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percentage of the neurologic morbidity and mortality rates 
could be eliminated by not permitting specific surgeons 
from performing these operations. 
For instance, the cumulative stroke rate for 12 general 
surgeons performing 428 CEA was 7.2% with their stroke 
rates.varying from 1.9% to 13.6%. In addition, the 
variance in operative stroke rates among cardiothoracic 
surgeons ranged from 0% to 13.5% with an average of 
6.5%. Neurosurgeon's stroke rate was 5.9%, whereas the 
stroke rate for five vascular surgeons averaged 2.7%. This 
is quite a variance. 
Outcome data, which may be obtained through 
individual group hospitals and regional and national 
organizations, may be very enlightening. The usefulness of 
studies such as these, however, will vary with the imple- 
mentation or change based on the data. This study fails to 
mention the effect hat the previous tudies had on CEA as 
is being performed in Springfield, Illinois; would you 
comment on whether these two previous tudies did have 
an effect on the practice pattern? 
Second, have you identified any specific factors other 
than the number of operations performed that contribute 
to the higher morbidity and mortality rates in your two 
hospitals, especially with regard to those surgeons with 
unacceptable r sults? 
Last, do you have a plan for the future? Do you have 
anything in mind on how you can eliminate these xcessive 
morbidity and mortality rates associated with CEA? 
Dr. Mark A. Mattos. The effect he study has had on 
the overall number of CEAs performed appears to be 
minimal. People in Springfield are continuing to perform 
CEAs at a very rapid rate, and I think the problem is that 
most of the surgeons don't know what their complication 
rates are, so they have no idea about whether they should 
be continuing to perform these operations. I think that's a 
major problem. 
With regard to a plan to try to solve this problem of 
high stroke rate, the best hing we can do is try to establish 
an educational format for the entire Springfield community 
to try to get those surgeons whose rates are higher into a 
surgical audit so we can try to determine whv their stroke 
rates are high. At this point, we will go back to Springfield 
and offer that suggestion to the hospitals and to the 
surgeons and see if they'll comply. 
Dr. Hugh Beebe (Toledo, Ohio). In 1989 we 
published a multidisciplinary consensus document that for 
the first time defined morbidity and mortality limits for 
CEA beyond which remedial action was required (Circu- 
lation 1989;79:472-3). A tool was then available and has 
been for halfa decade now for audit committees and quality 
assurance committees to use. In the decade of 1982 to 
1993, there were two groups in your report: symptom-free 
patients and those with a history of prior stroke, whose 
stroke morbidity rate was beyond those limits that were 
established in 1989. Could you tell us something about he 
climate of hospital quality assurance in Springfield? How 
could this persist into the current era with some subgroups 
having morbidity rates that seem persistently too high? 
Second what are your thoughts about how to audit the 
morbidity rate of the surgeon who is beginning his or her 
practice, somebody who is new in their experience? 
Dr. Mattos. In terms of what goes on in Springfield 
with regard to quality assurance for the vascular surgeon 
group, we have a weekly mortality and morbidity meeting 
and a bimonthly conference within our own group 
determining our complications related to this operation, 
and we have periodic audits where we get together and look 
at both our current and our long-term results. To the best 
of my knowledge, none of the community surgeons at large 
undergo surgical audits of any kind, and we think that's a 
problem. The climate in Springfield is that there is an 
isolated group of surgeons involved with the University 
and then there are private-practice physicians at large, and 
it's very difficult at times to get the two groups together to 
agree on anything. I think their referral pattern is different, 
and the mind-set is different at times, so it's fairly difficult 
to establish a common ground tO talk about complications. 
In terms of what to do with the young surgeon who is 
just starting out, it is a difficult problem. If you're a young 
surgeon and you have a stroke in your first operation, you 
could do the next 19 perfectly and your stroke rare is still 
5%, or you can do the first 19 correctly and be audited and 
everybody would tell you that you're a great surgeon, but 
then the next two or three patients have a stroke and it looks 
like you're a bad surgeon. I 'm not sure there is anything we 
can do except o make sure that surgeons are involved in a 
surgical audit so that they are constantly upgrading their 
outcomes because, as Dr. Hertzer said, 2~ results are 
everything, and we needto  maintain the highest quality 
standard for this special operation. 
Dr. Charles Acher (Madison, Wis.). Your study 
points up one of the big problems we all face in the surgical 
community and that is that there is a dearth of information 
about our results that makes the feedback loop incomplete. 
My guess is that if most of these surgeons knew that their 
stroke rate was 7.2% or 10% they'd be horrified. The 
difficulty in a community ishow to educate physicians in a 
positive way so they have the opportunity to improve. Do 
you have any leaders in your community who can bridge 
the political: gap and make this information generally 
available? Can it be done through the hospital? 
The other thing that is interesting about your study is 
that it appeared as though referral patterns had nothing to 
do with results. Some of the busiest surgeons till had quite 
high morbidity rates. We all know that there's a business 
side to medicine that is difficult o analyze. Do you have any 
thoughts on the interface between business and the 
scientific practice of medicine? 
Dr. Mattos. In terms of leaders in the community, Dr. 
Sumner is the chairman of the Division of Vascular 
Surgery, but he probably has little control over any of the 
referral patterns or anything that can be done to change the 
attitude of the surgeons themselves. I believe the change is 
going to have to come from administration. The local peer 
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pressure put on by fellow surgeons at times can be very 
difficult, and surgeons would look on that as infringement 
of their right to operate; I don't think they would take the 
criticism from fellow surgeons very well in our community. 
I think it may have to come from administration. Whether 
we're the ones who need to provide that impetus, I 'm not 
sure, I think we need to be honest and get the results out 
because we need to keep complication rates below the 
recommended limits. 
Dr. John D. Corson (Iowa City, Iowa). Do you have 
any idea about how many of the strokes of the cardiotho- 
racic surgeons were in patients undergoing a combined 
coronary artery bypass/CEA, as opposed to just a CEA 
alone? 
Dr. Mattos. There were 98 patients who underwent 
combined coronary artery bypass/CEA operations that 
weren't included in the study. There were 103 CEA, and 
the stroke rate didn't change. It was 8.3% for those 
patients, and most of those were symptom-free patients 
undergoing a combined coronary artery bypass and CEA. 
So it didn't seem to make much of a difference. 
Dr. Mark Adams (Milwaukee, Wis.). What about 
comorbidities such as diabetes, age, heart disease, all the 
things that affect morbidity and stroke rates? And where do 
you refer your patients who are difficult to treat? 
Dr. Mattos. I looked at the incidence of risk factors and 
there really wasn't any difference among any of the four 
groups. 
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